Background: Kingella kingae is currently recognized as a significant pathogen of the pediatric population. Nevertheless, the possibility for adults to serve as a reservoir of healthy carriers has not been studied. Method: We conducted a monocentric transversal study on 228 healthy adults to define the carriage rate. Participants were recruited among the staff of a children's hospital, a population exposed to aerosolized droplets from children. A secondary analysis using a case-control method was conducted to assess risk factors for carriage. Results: We demonstrated an oropharyngeal carriage rate of 2.2% in this population. However, there was a striking similarity in the carriage rate among children younger than 4 years of age and adults living with children of that age group (8.8%). Use of day-care facilities for their own children was also demonstrated as a risk factor for adult carriage.
K
ingella kingae is one of the most prevalent organisms in pediatric osteoarticular infections and can cause other invasive infections among the pediatric population. [1] [2] [3] [4] [5] [6] [7] K. kingae is a normal inhabitant of the upper respiratory tract's microbiota with a specific niche in the tonsils, and oropharyngeal carriage can be a prerequisite for further invasive infections. [8] [9] [10] K. kingae carriage is expected to reach 10% in children 6 months to 4 years of age and decreases to 6% after that time. 11 The carriage rate varies among children depending on exposure to risk factors such as attendance to day-care centers or close contacts with proven carriers. 12, 13 Existence of a reservoir in adult population is currently unknown, and K. kingae transmission between children and adults has been reported, 14 but not formally studied. A study conducted by Yagupsky et al. reported a 0.8% carriage rate 15 in a collection of adult pharyngeal swabs, performed initially for detection of Streptococcus pyogenes and later cultured for the isolation of K. kingae. To the best of our knowledge, there are no available data about the adult carriage among a healthy population. Recently, polymerase chain reaction (PCR) assays have been proved effective for confirmation of osteoarticular infections diagnosis and for detection of oropharyngeal carriage, 1-3,5,10,16 enabling more accurate K. kingae epidemiologic studies. Because it is expected that respiratory secretions play an important role in transmission of this organism, 8, 11 the staff of a children's hospital can be considered a high-risk population, and general data could be inferred from negative results. The objective of this study was to assess the oropharyngeal carriage of K. kingae in an adult population and to compare it with the colonization rate in children who are 6 to 48 months of age.
MATERIAL AND METHODS

Study Design and Subjects
From April 2014 to April 2015, we conducted a transversal study in the Children and Adolescent Department of Geneva's University Hospital. We recruited our population among the staff of the Children and Adolescent Department of Geneva's University Hospital, including caregivers (nursing auxiliaries, nurses, medical staff and psychologists), administrative and technical staff with patient-contact activities. Recruitment was conducted by random visits from the primary investigator (Dr Brändle) during daytime in the participating wards. Every ward was visited multiple times to maximize the percentage of the recruited staff members. Exclusion criteria were the existence of current invasive infectious diseases and the use of antimicrobial drugs during the 3-month period before the recruitment. The study received institutional review board approval (09-029R, Mat-Ped 09-008R) and was conducted in accordance with Good Clinical Practice guidelines and the provisions of the Helsinki Declaration
Measures
After informed consent, a tonsil swab was performed and the following data were collected: participant's age, presence of children living within their household and, if applicable, their age and their day-care use. Oropharayngeal swabs were analyzed with a reverse transcriptase PCR assay, targeting the toxin-encoding gene rtxB, specific to K. kingae. The lowest detectable concentration of the real-time PCR was 10 CFU/mL. This test has been validated for confirming carriage and as a diagnostic tool for invasive diseases.
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Statistical Analysis
Main purpose was the assessment of K. kingae carriage among adults. To determine the prevalence of carriage among the adult population, we calculated a sample size of 216 subjects. We based our estimations on the 8.6% carriage rate found in children between 6 months and 4 years of age and using results from a recent 17 We chose an absolute precision of 4% (less than half of the estimated prevalence) according to the method described by Lwanga and Lemeshow. 18 Second objective was to demonstrate a statistically significant difference in carriage between adults with close and personal contact with children younger than 4 years of age and the rest of our population.
We used a case-control design to compare adults living with children younger than 4 years (cases) and the rest of the population (controls). We assumed a carriage rate of 8.6% in the case group and no carriage among participants without close contact with children less than 4 years. With an 80% power and a Type I error probability of 0.05, we defined the sample size as 41 cases and 132 controls, that is, 3.2 controls per case. Therefore, our sample size was sufficient because we had 57 cases and 171 controls. We used an uncorrected chi-squared statistic to evaluate this null hypothesis. Descriptive analyses (arithmetic mean, standard deviation and range) were used to describe participant characteristics and results of reverse transcriptase PCR assays on oropharayngeal swabs. Data analyses were performed by using IBM SPSS software (version 21.0 for Windows, Armonk, NY). A Shapiro Wilk test with an alpha threshold of 5% was used to test normality of continuous variables. Statistical differences between cases and controls or other group comparisons were analyzed using independent Student t test and χ 2 when appropriate. Differences were considered significant if P < 0.05.
RESULTS
Subjects' Characteristics
Two hundred and fifty-nine adults working in the Children and Adolescent Department of the Geneva University Hospital were invited to participate to the present study. Twenty-three participants were excluded because they mentioned recent antibiotics usage after the recruitment (n = 14), did not complete the survey (n = 8) or withdrew consent to this study after enrollment (n = 1). Only a small proportion declined participation (n = 8, 3.1%). Thus, a total of 228 hospital's staff members were enrolled and screened for oropharyngeal carriage of K. kingae in this study. Participants were mostly females (86%) and young adults (median age 34.0 years, range, 18-64 years).
Oropharyngeal Swab
Among the 228 participants, 5 positive results were noted (2.2%). All oropharyngeal carriers were asymptomatic women; 2 of them were doctors, 2 nurses and the last one worked as administrative staff. Furthermore, we observed that each of the 5 oropharyngeal K. kingae carriers lived with children aged from 12 to 24 months.
Among the subgroup of parents of children younger than 4 years, the rate of throat carriage was 8.8 % (n = 5). The rate reaches 13.2% when considering only the participants living with children younger than 2. Nevertheless, we set our cutoff for subgroup analysis to the high-prevalence age usually reported in literature (ie, 6-48 months). 11 According to this, we found that 57 participants were parents of children younger than 4 years, whereas the remaining 171 participants did not and were considered as the control group. There was a significant difference, calculated on a case-control basis, between participants living with young children and the control group (P < 0.01). There was no other statistically significant difference within our population's characteristics, including sex (P = 0.36), the profession of carriers (P = 0.82), age (P = 0.46) or the number of children sharing home with them (mean 0.8 vs. 2.4 children per home; P = 0.16). Because the risk in the control group was considered 0, no odds ratio could be calculated. In a subgroup analysis, the difference in carriage remained significant when reducing the control group to the population living with children from 4 to 18 years old (n = 113; P < 0.025). Using the same control group, we were able to identify the use of day-care facilities for children as a risk factor (P = 0.036).
DISCUSSION
The present study was designed to investigate the oropharyngeal carriage of K. kingae in an adult population working closely with potential carriers, that is, children aged from 6 to 48 months. Because close contact with carriers is a major determinant of carriage, we assume that our study was conducted among a high-risk population. As expected, the results of our study showed that the colonization rate declines in adults and demonstrates a significant difference between our adult population and local data among children aged from 6 to 48 months.
In our study, the carriage rate reached 2.2% in healthy adults. Previous data in adults have shown a colonization rate by K. kingae lower than 1%. 15 However, the study conducted by Yagupsky et al was not analyzing a healthy population because pharyngeal swabs were initially performed for a clinical suspicion of S. pyogenes infection: they were then cultured for isolation of K. kingae to estimate a carriage rate.
14 In this setting, the competition balance of normal flora may have been altered and the pharyngeal swabs were cultured, a noticeably less efficient method than PCR assays for isolation of K. kingae. 10 Thus, one can expect that the colonization rate may be underestimated in this study. The difference between the carriage rate reported previously and our results can also be explained by the difference in the baseline population. As described, we conducted our study among a population of young adults, and we recruited a high number of subjects living with children (n = 113, 49.6%) and specifically with children younger than 4 years old (n = 57, 25.0%).
It is still currently difficult to explain why the colonization rate declines in adults, as if it has been speculated that the agerelated immune response may eradicate the organism from the pharynx in older people 9, 15 but healthy adults may become again oropharyngeal K. kingae's carriers, despite the fact they are immunologically competent. This phenomenon has been attributed to a strain-to-strain variability 19 of K. kingae outer membrane proteins as well as of the gene encoding pilus subunit; it is thus considered that immunogenic surface-exposed bacterial components involved in oropharyngeal colonization underwent antigenic variation in response to selective pressure. 19 Thus, if carriage may induce strainspecific immunity that facilitates elimination and clearance of the carried organism, it does not prevent acquisition of an antigenically different strain. 19 The frequent exposure to aerosolized droplets of the hospital staff might be a limitation to our study because an immunity to a wide range of strains might have been developed in some individuals.
In an unexpected way, the study revealed that parents of young children had a colonization rate (8.8%) similar to that of children younger than 4 years. Indeed, Anderson de la Llana et al demonstrated that mean oropharyngeal carriage rate in children from 6 to 48 months was 8.6% in Geneva's area. 17 It is important to underline that K. kingae may easily spread through large droplets of respiratory secretions or saliva, and therefore, dissemination of K. kingae oropharyngeal carriage will be facilitated by poor hygiene habits in immunologically naive children. 20 However, our data suggests the presence of a transmission between children younger than 4 years of age and their adult parents. As we set our study in a high-risk setting for airborne contamination spreading from children, the fact that only subjects living with young children were found to be carriers suggests that transmission between children and adults require closer contacts than those existing between the hospital staff and patients. However, a recent publication by El Houmami et al. describes a case of K. kingae outbreak in a day-care facility with a large rate of carriage among day-care employees (76.9%). 21 In this setting, the high rate of adult contamination might be explained by the extreme exposure suffered by adults in this setting because the carriage rate among children in the index class was 94.4% and by the differences in hygiene procedures between a hospital and a day-care facility. Because only close contact with children seems to be a risk factor for carriage, we can assume that transmission occurs in a vertical manner, from children towards adults.
The case of day-care outbreak cited early gives another important insight as the authors observed a short-lived carriage, with 83.3% of adult carriers having cleared K. kingella in 3 weeks, while carriage among children persists for longer periods. 14, 21 The association between a short-lived carriage of this pathogen in adults and the lack of exposure might be an explanation of the low carriage rate noted in adults.
In summary, this study demonstrates that colonization of healthy adults is possible at a larger scale than previously thought. Our study was not designed to assess the sources of contamination, but the distribution of adult carriers. The similarities of carriage in between children younger than 4 years of age and adults living with children of that age strongly suggests that close contacts with children between 6 and 48 months of age is necessary to lead to adult colonization, whereas professional contacts with this specific population is not sufficient to lead to a significant colonization. Even if the existence of an adult K. kingae reservoir seems unlikely, we cannot rule out the possibility of adult-mediated transmission. Larger studies should be performed to assess the carriage rate among the general population and whether the antigenic variation of K. kingae immunogenic outer membrane proteins plays a role in carriage and transmission of K. kingae.
